Abstract: Los Angeles, which relies on large infrastructure systems that import water over hundreds of miles, faces a future of reduced imports. Within Los Angeles and its hundreds of water agencies, the capacity to adapt to future changes is influenced by laws, institutions, and hydrogeology. This paper presents a systems analysis of urban water management in metropolitan Los Angeles County to assess opportunities for increasing local water reliance. A network flow model was developed to investigate management tradeoffs across engineered, social, and environmental systems. With an aggressive regional demand target, increased stormwater capture (300%), and prioritized water reuse from existing facilities, imported water supplies can be cut by 30% while maintaining landscapes, economic productivity, and groundwater resources. Further reducing imports (by 40-50%) is possible through actions to promote additional reuse, recharge, conservation, and groundwater access. Reducing imported water without significant conservation results in likely groundwater overdraft. Fragmented networks of agencies in Los Angeles create an uneven landscape of vulnerability to water shortages. The paper discusses model applications, research needs, and policy implications of results for dry-climate cities.
Introduction
For centuries, cities have faced water management challenges (Baker 1948; Blake 1956; Duffy 1990; Frontinus 1973; Hall 1998; Wilson 1998) . Inadequate disposal of wastes, both organic and manufactured, affect the quality of local surface water and groundwater. Imperviousness increases runoff, pollutant loads, and flood risks (Brabec et al. 2002; Duncan 1995; Hollis 1975; Lee et al. 2002; McCuen 1979; Schueler 1994) . Intensive water consumption and limited local surface water supplies, especially in arid regions, require cities to import water from remote sources or deep underground (Melosi 2000 (Melosi , 2011 Tarr 1984) .
Systems analysis of urban water includes engineered infrastructure; local hydrology and hydrogeology; and social, institutional, and economic factors. Cities built complex infrastructure and governance systems to manage water resources. Supplies from groundwater, surface runoff, distant sources, and in some cases recycled water, are treated and distributed to end-users. Pipe networks, either combined or separate, then collect wastewater and stormwater runoff for treatment and discharge to local watersheds (Loucks et al. 2005) . Local climate patterns, along with the legacies of existing systems, shape how cities meet evolving water supply challenges (Howe and Smith 1994; Melosi 2011; Tvedt and Oestigaard 2014). Increasingly, urban water planners look to hybrid models of infrastructure, designing systems that integrate centralized and distributed designs, while also linking water sources of varying quality with appropriate end-uses (Daigger 2007; Hering et al. 2013; Mitchell 2006; Novotny et al. 2010) . New treatment and sensor technologies can support the safe operation of innovative designs (Asano 2006; Leverenz et al. 2011; Metcalf and Eddy 2007; NAS 2015) . Simulation and optimization models assist in planning all aspects of these systems. Most urban water models simulate processes at hourly or daily intervals appropriate to water quality assessments, distribution systems' needs, and stormwater operations (Loucks et al. 2005 
